1 Ultrafast non-thermal laser excitation of gigahertz longitudinal and shear 2 acoustic waves in spin-crossover molecular crystals [Fe(PM-AzA) 2 (Received 17 July 2017; accepted 26 September 2017; published online xx xx xxxx) 10 We report GHz longitudinal as well as shear acoustic phonon photoexcitation and photodetection 11 using femtosecond laser pulses in a spin-crossover molecular crystal. From our experimental obser-12 vation of time domain Brillouin scattering triggered by the photoexcitation of acoustic waves 13 across the low-spin (LS) to high-spin (HS) thermal crossover, we reveal a link between the molecu-14 lar spin state and photoexcitation of coherent GHz acoustic phonons. In particular, we experimen- 15 tally evidence a non-thermal pathway for the laser excitation of GHz phonons. We also provide 16 experimental insights into the optical and mechanical parameters evolving across the LS/HS spin 17 crossover temperature range. Published by AIP Publishing. https://doi.org/10.1063/1.4996538 18 Understanding how ultrafast photoinduced molecular 19 switching in crystals couples to the lattice in optical materi- 20 als is one of the key challenges in the fields of ultrafast 21 photo-induced phase transitions or transformations and ultra- 22 fast acoustics. Systems like spin-crossover compounds 23 and elastic parameters in a spin-crossover compound.
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In the present experiments sketched in Fig. 1(a) , (2017) 91 energy is partially converted into mechanical energy that 92 drives the excitation of acoustic pulses propagating away 93 from the free surface. In the present situation, the crystal is 94 about five times less absorptive at 800 nm than at 400 nm, 95 see Fig. S1 in the supplementary material, such that it can 96 be considered as semi-transparent at 800 nm and opaque at 97 400 nm. As a consequence, the pump light is locally absorbed 98 at the free surface where it launches a propagating acoustic 99 strain that backscatters the probe light from within the semi-100 transparent medium and leads to the occurrence of time 101 domain Brillouin scattering oscillations, see Fig. 1 (c). As in 102 any Brillouin scattering process, the frequency of these 103 oscillations is related to the ultrasound velocity v of the crys-104 tal, to the probe wavelength k, to the refractive index n of the 105 medium, and to the back-scattering angle h through ¼ 2 n v cos h=k:
(1) 106 The light activation of both longitudinal and shear acoustic 107 polarizations, of different ultrasonic speeds v, leads to two 108 distinct Brillouin frequencies. 16 The result of the calculation of the acoustic attenu-171 ation length for both acoustic modes, longitudinal and shear, 172 is displayed in Fig. 2(d) . The remarkable maximum attenua-173 tion length measured in Fig. 2(d) highlights a decrease in the 174 acoustic attenuation across the spin-phase crossover transi-175 tion. In the present case, the phenomenon is reversed from 176 the well-known structural a-relaxation which has been evi-177 denced in glass forming liquids across the T g glass transition 178 temperature. 17 The acoustic wave propagates on longer dis-179 tances at the spin-crossover temperature which indicates that 180 the structural modification of the lattice and the statistical 181 growth or disappearance of the LS/HS states do not perturb 182 the acoustic phonon propagation; on the contrary, the acous-183 tic phonon propagation is facilitated during the spin crossover 184 transition. 185 We can invoke several main mechanisms for the laser-186 driven lattice motion in the present spin-crossover material: 187 the thermoelastic mechanism which is linked to the transient 188 thermal dilation of the lattice following the temperature rise 189 due to laser absorption and two non-thermal mechanisms, 190 namely, the molecular spin state-lattice coupling mecha-191 nism 18 and the deformation potential mechanism. 13 The tem- 235 Once again, if we assume that the slight change with temper-236 ature of the optical index of refraction is irrelevant for the 237 interpretation of our experimental observations, the substan-238 tial phase jump in the range of 0.6 radians of both longitudi-239 nal and shear Brillouin signals across the spin-crossover 240 transition highlights a profound change in the laser-matter 241 mechanism for acoustic phonons excitation. Based on Ref. 242 20, we can interpret this phase change, which correlates with 243 the magnetic susceptibility of Fig. 1(b) , as a change in the 244 acoustic excitation process through the contribution of the 245 spin state-lattice mechanism that vanishes once the com-246 pound reaches 100% HS spin. However, the photoinduced 247 spin state-lattice coupling is maybe not the most efficient at 248 this pump wavelength. Therefore, we cannot rule out the 249 deformation potential mechanism as relevant in the process 250 of laser excitation of coherent acoustic phonons in the present 251 spin crossover material. The observation of the phase jump of 252 about 0.2 radians in Fig. 3(d) between longitudinal and shear 253 excitation points to a non-thermal mechanism of acoustic 254 excitation sensitive to the pump polarization, as in Fig. 3(a) . 255 As a matter of fact, based on the results presented in Fig. 3 , 256 we can conclude that two non-thermal mechanisms are trig-257 gered in these molecular crystals, each one having different 258 efficiency (amplitudes) and characteristic times (phases). 
